Abstract. Storing carbon in biosphere sinks can reduce atmospheric CO 2 concentrations in the short term. However, this lowers the concentration gradient between the atmosphere and the oceans and other potential carbon reservoirs, and consequently reduces the rate of CO 2 removal from the atmosphere. If carbon is released again from that temporary storage, subsequent atmospheric CO 2 concentrations will, therefore, be higher than without temporary carbon storage. It is thus important to analyse whether temporary carbon storage in biosphere sinks can mitigate climate-change impacts. To analyse that, climate-change impacts need to be quantified explicitly.
Introduction
With global warming now clearly recognised as a major threat to natural and socioeconomic systems, the global community is searching for cost-effective ways to slow the build-up of atmospheric CO 2 concentrations and minimise its impact. It is recognised that net emissions from the biosphere have significantly contributed to total emissions to date (Houghton 1999). These earlier emissions are now partly being reversed through expansion of forests at higher latitudes, and it has been suggested that well-supported tree plantings (or biosphere sinks) could sequester substantial additional amounts of carbon (Brown et al. 1996) .
The biosphere can be a carbon sink (storing increasing amounts of carbon) or a carbon source (releasing stored carbon). The more the biosphere acts as a sink at any one time, however, the closer it will come to its maximum storage capacity and the less scope there is for absorbing more carbon in the future. Stored carbon could even be released again. That could be done intentionally (through land-use change, forest harvesting, etc.) or unintentionally (through wildfire, insect damage, etc.), thereby reversing any gains that had been made previously. Reversal of past actions is not generally a problem with fossil-fuel saving. Once savings of fossil fuels have been made, those savings are permanent even if fossil-fuel use patterns revert back to those before savings had been made.
Nonetheless, the use of biosphere sinks is often advocated in terms of 'buying time' (Noble and Scholes 2001; Lecocq and Chomitz 2001; Metting et al. 2001; Harvey 2004) . This generally refers to the expectation that future anthropogenic CO 2 emissions could be much reduced through the use of cleaner technologies, and that biosphere sinks can be useful in bridging the gap until these new technologies become available.
However, it is not the rate of emission that constitutes a concern in terms of climate change, but the resultant atmospheric CO 2 concentration, its associated radiative forcing and the climatic changes that result from a change in radiative forcing (Ramaswamy et al. 2001) . Hence, while biosphere sinks can reduce net CO 2 emissions and atmospheric concentrations in the short term, the critical question is how they affect atmospheric concentrations and resultant climate-change impacts in the longer term (Meinshausen and Hare 2002; Korhonen et al. 2002; Kirschbaum 2003a) .
To address this question, it is necessary to explicitly quantify climate-change impacts, and various possibilities have been suggested in past work (Peck and Teisberg 1994, 1995; Alcamo and Kreileman 1996; Petschel-Held et al. 1999; Smith et al. 2001) . In general, impacts can occur in at least three different ways (Kirschbaum 2003a): (1) by the direct and instantaneous effect of elevated temperature; (2) through the rate of temperature increase; (3) through the cumulative impact of increased temperatures.
The direct and immediate effect of temperature is the relevant measure for impacts such as heat waves and other extreme weather events. The rate of temperature increase is a concern because many aspects of a warmer world may not be inherently worse than current conditions, but the change from the current to a future, warmer world will be difficult for both natural and socio-economic systems. If change is slow enough then systems can be moved or adapted, but faster change may be too rapid for such adjustments.
The third type of impact relates to the cumulative impact of raised temperatures. This is the critical issue for impacts such as sea-level rise. The extent of sea-level rise is related to both the magnitude of warming and the length of time over which oceans and glaciers are exposed to increased surface temperatures.
The analysis here is based on a 100-year horizon and specifically assesses how biosphere management can modify the worst climatic impacts up to the year 2100. Hence, the analysis quantifies climate-change impacts up to the year 2100 and then
